An X chromosome disappears from female cells and the Y chromosome from male cells of some somatic tissues of all peramelid bandicoots, leaving cells with a 2n = 13 (i.e. XO) chromosome complement. The patterns of loss, which differ among tissues and species, were studied during development of specimens of P. nasuta and /. macrourus.
Introduction
Dosage compensation of sex chromosomes in erythrocytes, lymphocytes and most somatic cells of all marsupials so far examined operates by inactivation of the paternal X chromosome (reviewed by Sharman 1973, and Johnston et al. 1978) . In haematopoietic and some epithelial cells of bandicoots, dosage compensation is taken a step further by the loss of one X chromosome in females, and of the Y chromosome in males, leaving an XO (2n = 13) chromosome complement Martin 1965, 1974; Close 1979) .
Sex chromosome loss from somatic cells has also been reported in some other metatherians (Curcuru-Giordano et al. 1974; McKay et al. 1984) and in some eutherian species (Pierre and Hoagland 1972 , and reviewed by Hayman and Martin 1974) .
*Part XI of the series entitled Studies on Metatherian Sex Chromosomes. Part X, Aust. J. Bioi. Sci., 1979,32,615-24. 0004-9417/84/010053$02.00 Table I a displays the published data on sex chromosome loss during development in peramelid species and shows that the patterns of loss are similar for haematopoietic cells in the species of Perameles and Isoodon studied, but differ for epithelial cells. The discovery Hayman and Martin (1974) ; 2, Close (1979); 3, Walton (1971); 4, Hayman et al. (1969); 5, Sharman (1974) and unpublished data; 6, Murray et at. 7, Murray and McKay (1979); 8, McKay et at. (1984) . B A, autosomal complement; S, supernumerary chromosomes. C Pouch young, male killed 14 days earlier than female sibling.
of sex chromosome loss in two petaurid marsupials-the greater glider, Petauroides volans, and the lemur-like possum, Hemibelideus lemuroides (Table 1 b )-suggests that a common basis to the phenomenon exists in marsupials. Haematopoietic cells in these species also shed a sex chromosome; yet in P. volans, only the Y chromosome is lost.
Developmental stages at which chromosomes are lost can now be studied in four genera of peramelids and two of petaurids. The most accessible of these for research are Perameles and Isoodon. The similar rates of sex chromosome loss from haematopoietic cells in these two genera indicate that a common mechanism underlies the loss; yet that mechanism does not function equally in both genera for epithelial cells (Table la) . It was hoped that an understanding of the mechanism would emerge from the study of patterns of sex chromosome loss in an array of tissues from the two genera. Therefore, in the present study, the chromosome complements were determined from replicating cells in the lung, kidney and heart of pouch young from Perameles nasuta and Isoodon macrourus and from intestine, cornea and cultured fibroblasts of I. macrourus.
Methods
Pouch young of P. nasuta and 1. macrourus were obtained and their chromosomes prepared as described by Close (1977 Close ( , 1979 . Except where shown, the chromosomes from at least 20 cells were counted from each individual tissue.
To examine chromosomes from corneal epithelium of adult animals, 0·33 Ilg colchicine per gram was injected intraperitoneally 5 h before killing the animals. The corneas were then treated using the method of Fredga (1964) . Some animals killed for another purpose could not be injected with colchicine and their corneas were excised immediately after death, placed in isotonic saline containing 40 Ilg colchicine per millilitre for I-I~ h at 35°C. A total of 323 cells was examined from 12 specimens of 1. macrourus with a minimum of 20 per animal. Fibroblast cultures were prepared from liver, lung and skin of I. macrourus. Fragments of tissue were attached with chicken plasma to culture flasks, incubated with Ham's FlO medium containing 10% (wjv) fetal calf serum and antibiotics, grown at 35°C and maintained for 4 weeks, subculturing each week. Cultures were exposed to O· 5 Ilg colcemid per millilitre for 2 h and cells removed with 500 Ilg pronase per millilitre before harvesting. 
Results
Lung Fig. la shows the proportion of 2n = 13 (XO) cells in samples of lung from pouch young of P. nasuta. A striking feature is the amount of variation in results from animals of similar age. However, in samples from animals aged less than 5 days, only 14 of 163 cells counted were XO compared to 131 of 340 cells from animals aged 5-9 days. Thereafter, the percentages ofXO cells exceed 50 in only 2 of 12 individuals. Results from I. macrourus (Fig. Ib) are not markedly different from those of P. nasuta. Neither set of data is consistent with the hypothesis that lung tissue eliminates a sex chromosome during pouch life. Lungs of several adult P. nasuta and I. macrourus were examined but mitoses were found in only one animal, a male P. nasuta aged 190 days. All 10 cells counted were XO.
The considerable variation in the percentages of XO cells from animals of similar age is not due to differences between litters. Among the 5-day-old specimens of P. nasuta, one litter of three males had counts with 40, 65 and 80% XO cells while another litter of two females had counts with 25 and 65% XO cells.
To test for significant differences between the sexes, the data were first grouped according to age (0-3, 4-6, 7-10, and 16-23 days) and the proportions of XO cells then converted to a value with constant variance, by applying the arcsin transformation of Zar (1974) . No significant differences (P> O· 10) were found when t-tests were performed on the transformed data (Close 1975, pp. 80-81) . There were too few specimens of I. macrourus for valid statistical comparison of results between the sexes but inspection of Fig. Ib shows no outstanding differences.
Cornea
In corneas offour male I. macrourus, all cells were XO in animals older than 6 months, whereas in females, some XX cells persisted after 24 months (Fig. 2) . No other bandicoot tissue is known in which a sex chromosome disappears after the young have left the pouch. Nor have differences between sexes been noticed before in the timing of sex chromosome loss. .. ., 0 6 12 1B 24
Age (months)
All 27 cells counted from corneas of an adult male, and all 41 cells from an adult female I. obesulus from Tasmania were XO. Hayman and Martin (1974) reported that corneal cells of both male and female I. obesulus pouch young were already losing sex chromosomes (Table la ). It appears that the developmental stage of chromosome loss from cornea of I. obesulus differs from that of I. macrourus. If so, it would .be the first reported intrageneric difference in patterns of loss.
Intestine
Intestinal epithelial cells of P. nasuta do not discard a sex chromosome but in I. macrourus the process begins early in pouch life (Table 2) . Individual variation in results may be caused by chance effects in sampling just 20 cells per animal or to individual differences in rates of chromosome loss. There were no apparent differences between the results for males and females.
Heart and Kidney
As mitoses are scarce in the heart and kidney, it was difficult to obtain 20 well-spread cells from each tissue per animal. Few cells were obtained from either tissue in animals aged more than 20 days but most cells in both tissues remained 2n = 14 (XX/XY) for as late in development as mitoses could be found (Table 2) .
No differences between the sexes were apparent for results from kidneys of P. nasuta. Counts were obtained from only female I. macrourus and too few chromosome spreads were available from hearts of P. nasuta to compare results from the sexes.
Cultured Fibroblas.ts
Attempts were 'made to culture fibroblasts from the skin of two pouch young of 1. macrourus aged 4 days, one aged 28 days and from body wall of an adult aged 300 days. Cells from the 4-day-old animals grew too slowly to harvest and none grew from the adult. After 4 weeks of culture, 53 of 54 cells from the 28-day-old male remained XY. These results correspond with those of Jackson and Ellem (1968) , who found that cells cultured from P. nasuta retained both sex chromosomes after 3 months of culture. Perameles nasuta Few cells from lungs of P. nasuta and 1. macrourus aged less than 4 days lacked a sex chromosome (Figs la, lb) . At this age, most mitotic cells would be epithelial cells from the pulmonary surface of the simple alveoli and capillaries. As gaseous exchange in the lung becomes more efficient, alveolar macrophages would become more common. Macrophages have a similar origin to haematopoietic cells which in bandicoots become XO early in pouch life (Table la) . Those XO lung cells found in pouch young and in the only adult animal for which mitoses were found were likely to be macrophages. The individual variation in percentages of XO cells in animals aged more than 4 days may reflect different proportions of epithelial cells and macrophages in different lung samples, developmental differences between individuals, or the effects of chance in sampling just 20 cells per animal.
Cells of heart and kidney divide only during initial growth; thereafter, tissue mass increases as the cells grow (Bullough 1971) . Further mitoses maintain a low rate of repair (Post and Hoffman 1968) . Cells examined from I. macrourus and P. nasuta, like those of the lung, remained 2n = 14 for as late in pouch life as mitoses could be found and would presumably remain so in adults. Cultured fibroblasts, which are undifferentiated (Franks and Cooper 1972) , also remain 2n = 14.
An apparent effect of aging occurred in corneas of I. macrourus where the chromosome was lost subsequent to pouch life (Fig. 2) . Moreover, the rate of loss was more rapid in males than in females and slower than in I. obesulus. Loss of supernumerary chromosomes from corneal cells in Echymipera kalubu may also prove to be more rapid in males than in females. Hayman et al. (1969) found 5, 4, 3, 2 and 2 supernumeraries in corneal cells of five adult females while 1, 0 and 0 were found in those of three adult males. Neither sex differences nor intrageneric differences nor affects of aging have previously been reported in studies of sex chromosome loss in peramelids. However,-the loss of Y chromosomes from male humans was attributed to the effects of aging (Pierre and Hoagland 1972) .
The sex chromosome disappears from intestinal cells of 1. macrourus up to 400 days earlier than from corneal cells of female I. macrourus, and between 50 and 200 days earlier than from corneal cells of male I. macrourus; yet the timing of loss is similar to or marginally earlier than that from corneal cells of I. obesulus ( Fig. 2; Tables 1,2) . No purpose is readily apparent for this variety of patterns.
The similarities of patterns of sex chromosome behaviour among haematopoietic cells of the species listed in Table 1 and between P. nasuta and 1. obesulus for fibroblasts and cells oflung, heart and kidney, indicate a common basis for sex chromosome loss. However, besides the anomalies already discussed for epithelial cells, there are also differences between the peramelid and petaurid systems (Table 1) . In Petauroides volans, only males lose a sex chromosome, and later in development than in I. macrourus and P. nasuta. Loss also occurs at a later stage in Hemibelideus lemuroides; one female, although fully grown, retained some XX cells in bone marrow (Table Ib) . Walton (1971) suggested that the various patterns of sex chromosome loss reflected different times of sex chromosome inactivation. Thus, prior to inactivation, female cells with two active X chromosomes should produce more X-linked enzyme than would male cells having only one active X. Cells such as those in liver, heart, kidney and lung which retain both sex chromosomes would then show male-female differences in activity of Xlinked enzymes in pouch young. No male-female differences were found in a quantitative study of enzyme activity in 80 specimens of P. nasuta and 45 I. macrourus pouch young aged from 1 to 60 days (Close 1975) . In that study the activity of enzymes, glucose-6-phosphate dehydrogenase (EC 1.1.1.49; G6PD) and phosphoglycerate kinase A (EC 2.7.2.3; PGKA), which are X-linked in macropodid marsupials and eutherian mammals (Ohno 1967; Cooper et al. 1971; Richardson et al. 1971) were measured quantitatively in samples of liver, lung, kidney and heart. A study of G6PD activities in kangaroo fibroblasts, by contrast, showed greater activity in female cells than in male cells (Raphael and Cooper 1978) , as would be expected if both X chromosomes in each female cell were active. Hayman and Martin (1974) suggested that the loss of the sex chromosome follows from its inactivation, the inactive X replicating too late to complete mitosis. They also suggested that those tissues in macropods showing partial activity of the paternal X chromosome, would be counterparts of those cells in bandicoots which remain 2n = 14. The published data (Table 3) show that while results correspond for cardiac muscle cells, haematopoietic cells, and cultured fibroblasts, those for the lung, kidney and liver do not correspond, and those for intestine and cornea are ambiguous. The data from tissues consisting of several types of cell must be treated with caution. If only a small proportion of cells in such a tissue have active paternal X chromosomes they may contribute insufficient enzyme activity to be detected by electrophoretic techniques. An unusually high proportion of such cells would account for the single samples of lung and kidney which expressed activity of the paternal X.
If a link exists between macropod and peramelid dosage compensation then it would be the paternal X-chromosome that is lost from female bandicoot cells. Unfortunately no polymorphism for an X-linked enzyme has yet been discovered in any species of bandicoot despite examination of 190 animals (Close 1975; VandeBerg 1975; Murray 1979) . Nor would individuals of 1. macrourus, carrying morphologically different forms of X chromosome, interbreed in captivity (Murray 1979) . Consequently it has not been possible to demonstrate loss of the paternal X nor show that it is partially active when retained in the cell.
There is no evidence, to date, that loss of a sex chromosome plays a functional part in dosage compensation or confers any benefit to the animal. The simplest explanation to account for the variety of patterns of sex chromosome loss is that the loss is incidental to dosage compensation and is caused by a mitotic error. This error is influenced by one factor or a combination of several such as the age, mitotic rate or state of differentiation of each cell line.
Likewise, the loss of supernumeraries from the same cells which lose a sex chromosome ( Table 1 ) may depend on similar but not necessarily identical factors. Hayman and Martin (1974) considered that supernumeraries and sex chromosomes were subject to the same control in Echymipera kalubu, but Sharman (1974) found a young E. rufescens with supernumeraries in bone marrow cells that had already lost an X chromosome (Table 1a) . Furthermore, found supernumeraries in bone marrow cells that had lost a Y chromosome in one population of Petauroides volans (Table Ib) . (1971) . FSharman (1971 ). GYandeBerg et al. (1977a . HHayman and Martin (1974 
